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Graphical Abstract 
Arylpropynals and two equivalents of phloroglucinol react to produce pentacyclic ketals. In addition, 4-
methoxydibromocinnamaldehyde also reacted to form procyanidin A-skeleton. 
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Procyanidins are polyphenols that are common in plants and 
exhibit useful biological activity. As a result, a number of syn-
thetic approaches have been reported. Timely reviews by 
Makabe1 and by Ferreira2 and a book by Quideau3 summarize 
previous work on type B procyanidins. Syntheses of type A 
procyanidins included an innovative microwave-mediated route 
to diinsininone by Selenski and Pettus in 2006,4 an elegant 
synthesis of procyanidin A2 by Ito, Ohmori and Suzuki via an 
alkoxyketal derivative of epicatechin in 2014,5 and the successful 
synthesis of proanthocyanidins A1 and A2 by Sharma and 
coworkers in 2015.6 Syntheses of closely related analogs were 
reported by Jurd in 1965, by Kondo in 2000 and by Kraus in 
2009.7 The structures of some type A procyanidins are depicted 
below in Figure 1. Geranin A (1) exhibits antiprotozoal activity 
in the mg/mL level.8 Mahuannin E (2) showed cytotoxicity 
against SGC-7901, HepG2, and HeLa tumor cell lines.9 
Ephedrannin B (3) suppressed the transcription of tumor necrosis 
factor-α and interleukin-1β.10 
 
 
 
 
 
 
 
Figure 1.  Natural procyanidins. 
Our strategy involved the addition of two molecules of 
phloroglucinol to acetylenic aldehyde 4, in Scheme 1.11 The 
aldehyde 4 is readily available via a Sonogashira reaction of an 
aryl halide with propargyl alcohol followed by oxidation with 
MnO2, Scheme 1. 
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Scheme 1. General Approach to the Procyanidin A Skeleton 
We studied 5, the product from the reaction of 4 (R = OMe) 
with phloroglucinol and p-toluenesulfonic acid (PTSA), using 1H 
NMR, 13C NMR, and 2D NOESY NMR. The resonance at 99.9 
ppm in the 13C NMR spectrum confirmed the presence of an 
acetal or ketal. The correlation between the bridgehead carbon 
atom C12 at 21.2 ppm and hydrogen atom on C12 at 4.31 ppm in 
the HSQC spectrum confirmed that structure 5 was formed. The 
cross peaks at 4.31; 2.19 and 2.17; 4.33 in COSY indicate 
correlation between hydrogen atom on C12 and methylene 
hydrogens. In addition, the predicted NMR spectrum for ketal 5 
resembled the spectrum we obtained from experiment. We think 
that the reaction occurs via two acid catalyzed additions of 
phloroglucinol to the carbonyl carbon followed by an 
intramolecular ketalization. There is little literature precedent of 
phloroglucinol reactions with unsaturated aldehydes, but aryl 
aldehydes form 2:1 adducts.12 A recent patent reports a 
preparation of calix[4]arene from cinnamaldehyde and 
phloroglucinol.13 
Initially, we evaluated a number of Lewis acid catalysts, as 
depicted in Table 1. The product was obtained in the highest 
yield when PTSA was used as acid catalyst, entry 1, Table 1. As 
seen in entries 1, 4, and 6, acetylation prior to purification 
significantly improved the isolated yields, presumably due to 
improved stability and solubility. All reactions were carried out 
in acetonitrile at room temperature. There was no reaction in 
DMF or THF. 
Table 1. Optimization of the reaction conditions 
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entry acid solvent Percent 
yield of 5 
Percent yield of 7a 
(acetylated 
product) 
1 PTSA ·H2O CH3CN 26 82 
2 PTSA ·H2O THF 0  
3 PTSA ·H2O DMF 0  
4 BF3·Et2O CH3CN 25 77 
5 TFA CH3CN 10  
6 HCl CH3CN  78 
7 H2SO4 CH3CN 12  
a Acetylation with acetic anhydride and pyridine. 
We evaluated different substitution patterns on the aromatic 
ring of the aldehyde using the best reaction conditions, 
PTSA/CH3CN. All reactions afforded good yields of products, as 
shown in Table 2. Compound 9 was unstable on silica gel. 
Phloroglucinol dimethyl ether and 2-methyl resorcinol afforded 
good yields of products based on NMR analysis but the products 
proved unstable to chromatography. 
Table 2. Reaction scope 
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Many procyanidins such as 1 possess an oxygen on the one-
carbon bridge. Efforts to oxidize the tetraacetate 7 by C-H 
activation using Cp2VCl2 and TBHP failed.14 Fortunately, we 
found that dibromo aldehyde 12 plus two equivalents of 
phloroglucinol with catalysis by PTSA followed by acetylation 
gave tetraacetate 13 in 57% yield, Scheme 2. 
Scheme 2. Synthesis of bromotetraacetate 
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A one-pot synthesis allows good yields of advanced 
intermediates for type A procyanidins. Either alkynylaldehydes 
or dibromocinnamaldehydes can be employed. Best isolated 
yields are obtained by acetylation prior to purification. 
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